Challenging differential diagnosis Background:
Background
In recent years, organ preservation strategies have become a research area of strong interest in the increased trend to recover discarded human kidneys [1] . High-risk donation requires an appropriate evaluation of eligibility and alternative methods of organ preservation to prevent preservation injury, to restore graft viability, and to improve post-transplant function [2] .
Based on age, donor history, renal function, perfusion in situ, macroscopic aspects, or histological evaluation, organs are declared transplantable or untransplantable. Donors who are classified as marginal due to age, type of death, hypertension, and renal dysfunction (ECD, expanded criteria donors) [3] need histological analyses to quantify viable renal mass and predict the outcome of kidney transplantation (KT). As reported in animal experiments, an inadequate volume of transplanted nephron mass negatively affects functional recovery of the graft [4] . Similarly, 2 marginal kidneys can be used in the transplantation to prevent graft failure in suboptimal organ donation. Several studies have compared marginal dual kidney transplantation (DKT) and ideal single kidney transplantation (SKT), and the use of 2 marginal kidneys in the same recipient is becoming a widespread and successful procedure. Both transplant options show comparable data on renal function retrieval and graft survival [5] .
Various organ perfusion techniques have been developed to optimize the use of high-risk grafts. Several clinical studies demonstrated that hypothermic machine perfusion (HMP) improves graft quality and reduces delayed graft function [6] [7] [8] .
Oxygenation during HMP provides the additional O 2 needed in the hypothermic condition and prevents hypoxia injury [9] , increasing adenosine triphosphate (ATP) content [10] . At present, ex vivo normothermic perfusion (EVNP) is used to assess and resuscitate discarded human kidneys [11, 12] .
Here, we used ex vivo hypothermic oxygenated perfusion (HOPE) to recover 2 marginal human kidneys that were declined due to biopsy score, and used them for DKT, with favorable outcome.
Case Report Donor kidney selection process
To allocate marginal organs for SKT or DKT, the Italian guidelines recommend a pre-implantation biopsy for histological evaluation.
Donor renal pathology was quantified on the basis of Karpinski histological score [13] , which has proven to be a good prognostic factor for graft selection [14] .
In accordance with Remuzzi's histological selection process, organs with renal scores of 3 or less are suitable for SKT, those with renal scores 4 to 6 are appropriate for DKT, and those with renal scores of 7 or more are discarded [5] .
Donor data
The ECD donor was a 78-year-old woman who died for an intracranial hemorrhage (ICH) and was a donor after brain death. Donor risk factors were hypertension and arterial vascular disease. Use permission for organ donation was obtained from the relatives. The final donor serum creatinine (sCr) was 0.85 mg/dL and glomerular filtration rate (eGFR) was 55.27 ml/min. Histological analyses were performed by 2 renal pathologists, who both reported a score of 6 for the right kidney and 7 for the left kidney (Table 1A) . Due to the histological findings, other transplant centers declined both kidneys. We decided to recover the grafts and preserve them by means of HOPE. Donor aspects are detailed in Table 1A .
Recipient data
A 58-year-old female patient with chronic renal insufficiency due to nephroangiosclerosis and listed for transplantation at our center was selected for DKT. The informed consent to receive an ECD organ preserved by HOPE was signed by the recipient. In the clinical history of the patient, hypertension and hypothyroidism were reported. The peritoneal dialysis time was more than 2 years and sCr was 10.91 mg/dL before transplant. Recipient aspects are detailed in Table 1B .
Ex vivo hypothermic oxygenated perfusion
Following static cold storage with Celsior solution performed during hospital transfer and surgical back-table, organs were connected to the perfusion device through sterile disposable tubes dissectioning and incannulating renal artery with vascular cannula specified for artery size. HOPE was performed using Celsior as fluid perfusion (1 L of total volume) at 4°C, a renal artery pressure of 25 mmHg, and keeping the oxygen partial pressure (pO 2 ) between 600 mmHg and 750 mmHg. Flow, pressure, and temperature values were monitored continuously. Oxygen and carbon dioxide partial pressure (pO 2 and pCO 2 ), pH, and lactate production were monitored every 15 min by means of hemo-gas analysis of the effluent perfusate. Data prior to (T0) and after treatment (T1) are reported in Table 1C .
The perfusion time was of 2 h 30 min for the left kidney and 1 h 20 min for the right kidney, without any adverse events. During HOPE, there was a 34% progressive increase of the renal flow for the left kidney (median flow 52 ml/min) and 50% for the right kidney (median flow 24 ml/min). The recommended oxygen levels were adequately provided, and carbon dioxide production was not observed due to extracorporeal CO 2 elimination advocated by the oxygenator. Each kidney had perfusate lactate level lower than 1.2 mmol/L at T1.
No bacterial or fungal contamination was detected from microbiological cultures performed on the perfusion fluid before and after HOPE.
Based on our previous organ perfusion experience [15] , the increase of renal flow and the low level of lactate following 1 h of HOPE led us to deem both kidneys as transplantable for a dual kidney transplantation.
Kidney transplant and patient outcome
In accordance with the standard procedure, DKT was performed without any complications and both kidneys were implanted into the right iliac fossa after 10 h 50 min of cold ischemic time (CIT) for the left kidney and 11 h 50 min for the right kidney. Each artery and vein anastomosis was constructed to the external iliac vessels and each ureter-bladder anastomosis was over a single stent. Postoperative management and immunosuppression therapy, based on a standard regimen of thymoglobulin infusion, steroids, tacrolimus, and mycophenolate mofetil, were followed according to the standard protocols [16] .
The recipient had immediate graft function (IGF) [17] , with 1.18 mg/dL sCr at 5 days after the operation and 1000 cc/die of diuresis ( Figure 1A) . As result of a good graft function, at discharge, sCr was 1 mg/dL and at 3 months post-DKT, it was 0.95 mg/dL, ( Figure 1B ).
Discussion
Thanks to the efforts of the Dual Kidney Transplant Group (DKG) [5] during the last 2 decades, the dual transplant of marginal kidneys shows positive results and is helping to increase the number of available allografts. However, the use of marginal kidneys is complex and risky. In determining transplantation eligibility, there are many aspects to assess and compare. Histology score is not the only aspect to consider for SKT or DKT assignment. Carta et al. reported that an organ with score of 4 or 5 can be allocated for SKT if the eGFR donor is ³60 ml/min [18] . Some authors had added that, besides the histological score, the parameters of machine perfusion are important determinants in deciding to discard an organ [19] . Our organ allocation system enrolls kidneys with scores of 4 for SKT when donors are under age 75 and have normal sCr. However, it is not reported as a DKT with a total score above 12. We report the first case of dual kidney transplantation with an allocation biopsy score over the limits of transplantation eligibility in according to the Remuzzi's histological selection process [5] .
The kidneys were determined as untransplantable according to histological results. However, the vascular disease resulted in major histological damage, and a normal value of sCr, despite an eGFR of less than 60 ml/min, led us to reevaluate these organs for the machine perfusion. Flow and resistance parameters may help in kidneys selection [19] . Both kidneys were perfused sequentially without prolonged CIT: during the surgical preparation of the second organ (right kidney), HOPE was started for the first organ (left kidney). Despite the worse histology score, the left kidney had a higher flow than the right kidney, but at T1 both organs had an increased flow and decreased resistance, as evidence of the hydrostatic effects of perfusion on intrarenal vasoconstriction [20] . After HOPE, the kidneys were implanted without intra-operative or post-operative complications. The recipient had good IGF and good levels of sCr at 3 months post-DKT.
In this reported case, HOPE appears as a useful tool for reevaluating and improving organ quality of marginal kidneys that were discarded due to the histological score, but with a suitable renal function. In the absence of a standard approach to allocate marginal organs, the information gained during perfusion is useful in the selection process in addition to the histological findings and donor risk factors. There are currently no data about use of HOPE in human KT.
Other authors reported similar cases of discarded kidneys with EVNP [11, 12] . This strategy restores organ physiological conditions and permits assay of the graft function during perfusion.
A recent study investigated use of HOPE in rat kidneys obtained from donors after cardiac death, showing HOPE is superior to other preservation techniques, such as EVNP [21] . The efficacy of HOPE in the transplant of marginal human kidneys is unknown, and further study is needed to evaluate the possible effect of this type of perfusion on immunomodulatory molecules such as NGAL or others [22, 23] . To the best of our knowledge, this is the first case report of human kidneys histologically discarded and transplanted after HOPE.
Conclusions
HOPE may help clinicians in the organ selection process and improve graft quality of marginal kidneys. A clinical study is required to demonstrate the effects of HOPE on graft outcomes.
